October 23, 2003

MEMORANDUM

SUBJECT:  Treatment Standards for Mercury-Containing Debris

FROM: Robert Springer, Director /9
Office of Solid Waste

TO: RCRA Senior Policy Advisors
State Waste Managers

This memorandum discusses issues pertaining to the treetment and disposal of mercury-
containing debris subject to the RCRA land digposal restrictions debris requirements at 40 CFR
268.45. This memorandum:

. clarifies the types of hazardous mercury-containing wastes that are digible for management
under the debris trestment standards, including whether containerized mercury is excluded as
debris,

. provides information on the improved capabilities of mercury “retorters’ to accept and recover

mercury from debris-like waste; and

. describes how to meet the performance standards for the hazardous debris trestment
technologies.

The topics that are discussed in this memorandum have been raised to the Agency as areas for
clarification or have arisen from advancements in research and technology developments. However,
we are aware that the information that we are providing will not answer al of the questions that you
may encounter as you consider the appropriateness of technologies for site-specific conditions.

Background

Treatment Standards for Non-Debris Hazardous Wastes. For D009 wastes (wastes that
meet the toxicity characteristic for mercury) that are not classified as debris and are not wastewaters or
mixed (radioactive and hazardous) wastes, the RCRA land disposa redtrictions (LDRS) set four
treatment standards (see 40 CFR 268.40). These wastes are in either the “low mercury subcategory”



(i.e., containing less than 260 mg/kg totd mercury), or the *high mercury-inorganic subcategory” (i.e,
containing more than 260 mg/kg tota mercury). The trestment sandard for low mercury wastes
requires that leachate from trestment residuas, using the Toxicity Characteristic Leaching Procedure
(TCLP), have a mercury concentration of less than 0.025 mg/L (or 0.20 mg/L for resdues from
retorting). Treatment by stabilization can be used to achieve this sandard. The treatment standard for
“high mercury inorganic category” wastes, which contain more than 260 mg/kg total mercury, is
mercury recovery (“RMERC”) in athermd processing unit that volatilizes and subsequently condenses
the mercury. These units are commonly referred to as “retorters,” and the recovery process as
“retorting.” (40 CFR, 268.42, Table 1).

Treatment Standards for Hazardous Debris Wastes. The trestment requirements for
hazardous debris, which were promulgated in 1992, are based on performance standards and specified
technologies that reflect the technica chdlenges of treating debris-like objects and cleaning up
remediation stes (see 40 CFR 268.45). These requirements alow use of specified technologies asan
aternative to meeting the standards for non-debris hazardous wastes (40 CFR 268.45(q)) that are
otherwise required; in this memo, we refer to these trestment standards as the dternative debris
gandards. The trestment technologies that generally apply to mercury-containing debris are
microencapsulation and macroencapsulation'. These technology options do not distinguish between
debris containing high and low leves of mercury. EPA’s guidance on how to best achieve the
performance requirements for these technology options is described below.

It isimportant to remember that if the dternative debris sandards are not used as the basis of
compliance for the land disposa regtrictions, the mercury-containing hazardous debris are subject to the
non-debris standards, which include retorting for high-mercury wastes. The non-debris standards will
aso apply if the dternative debris standards cannot be adequately met.

What are Debris/Hazar dous Debris?

Definition of Debris. Debrisis defined at 40 CFR 268.2 (g) asa“solid material exceeding a
60 mm particle Sze thet is intended for disposal and that is: A manufactured object; or plant or anima
meatter; or naturd geologic materid.” The next section describes the exceptions to this definition.

Definition of Hazardous Debris. Under 40 CFR 268.2(h), hazardous debris means debris
that contains a listed hazardous waste or exhibits a characterigtic of hazardous waste. Ddliberately

!Although “source separation” is not identified as a specific technology under the debris
treatment standards, for waste streams with readily identifiable mercury sources, it is a preferred
method of removing liquid mercury from hazardous debris waste streams, or of removing the mercury
characterigtic from the hazardous debris. (See further discussion of this technology later in the
memorandum.)



mixing prohibited waste with debris to change the trestment classification from waste to hazardous
debrisis not alowed under the dilution prohibition in 40 CFR 268.3.

What |s Not Hazar dous Debris?

Exclusions from the Debris Definition. The debris regulations specificaly exclude certain
materids from the definition of “debris” One exception under the 40 CFR 268.2(g) debris definition of
great pertinence to mercury-containing wastes is for “intact containers of hazardous waste thet are not
ruptured and that retain at least 75% of their origind volume.” The preamble to the Debris Rule
discussesthis exclusion in detail (see 57 FR 37225, August 18, 1992: “Intact Containers Are Not
Debris’).

EPA haslong interpreted certain manufactured objects that hold liquids, including mercury-
containing pumps’ and batteries, to be “containers.” Under 40 CFR 260.10, containers are defined as
“any portable device in which a materid is stored, transported, treated, disposed of, or otherwise
handled.” Under this definition, mercury-containing items such as thermometers, pumps, manometers,
thermodtats, jars of dementd mercury, batteries, denta amagam collection devices, and ampules are
containers. These items, therefore, do not fall under the debris definition and are subject to the non-
debris mercury treatment standards.®

In Stuations where intact containers are mixed with true debris (i.e.,, materias classfied as
debris under the debrisrule) and the mixture is RCRA hazardous, the intact containers would have to
be removed and managed separately. EPA aso recognizes that certain states have passed regulations
that prohibit disposal and require mercury recovery from mercury-containing devices.

Sze Limitations. The debris standards require that debris contain materials 60 mm or greater
insze. Many mercury-containing devices, such as automotive switches, are substantialy smdler than
60 mm and would not be digible for treatment under the debris treatment standard because of their
dze. Itisimportant to note, however, that many switches would not likely be digible as debris because
they are intact containers, as discussed above.

What Hazardous Debrisis Exempt from RCRA Subtitle C?

2 Note that the debris rule preamble describes circumstances where pumps can be debris (57
FR 37225 and 37229). Pumps containing enclosed mercury, however, function as containers and
would not be digible as detrisif the criteriafor the intact container exclusion are met.

3 States may have designated certain mercury-containing items such as thermostats as
“universal wastes’ under state regulations. Such designations dlow for streamlined collection
requirements, but do not exempt such wastes from the hazardous waste treatment requirements.
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We are aware that there is some confusion about the regulatory status of certain hazardous
debristhat is currently exempted from RCRA Subtitle C. At the federa levd, there aretwo main
exemptions from the RCRA hazardous waste regulaions that pertain to hazardous
debris-like mercury-containing wastes. Thefird isfor mercury wastes from households, such as
thermostats and thermometers, which are exempted from the RCRA hazardous waste regulations under
the household waste exclusion (see 40 CFR 261.4(b)(1)). The second exemption is for hazardous
wastes that are generated by conditiondly exempt smal quantity generators (CESQGS, see 40 CFR
261.5). CESQGs are defined as those generators that generate less than 100 kg of hazardous waste
per caendar month or less than 1 kg of acutely hazardous waste per cendar month. CESQG
requirements also limit the facility’ s waste accumulation to less than 1,000 kg of hazardous waste, 1 kg
of acute hazardous waste, or 100 kg of any residue from the cleanup of a spill of acute hazardous waste
a any time* Asan example, under federd regulations, asmall denta office collecting mercury
amagam scrap that exhibits the hazardous characteristic for mercury would be a CESQG if it did not
exceed the hazardous waste limits noted above. EPA strongly recommends that households and
CESQGs make every effort to preserve the integrity of mercury-containing devices and that such
devices are collected and recycled.

It isimportant to note that certain states have passed laws or regulations requiring that collected
mercury-containing household wastes or mercury-containing CESQG wastes be subject to specific
treatment and management sandards, such asretorting. In addition, nearly haf of the states have not
adopted the less stringent CESQG requirements, and generators of mercury-containing hazardous
wadte in such dates are subject to the smal (or large) quantity generator requirements, or to other more
sringent Sate requirements. Therefore, you should consult your state agency(s) to determine whether
more stringent state requirements are applicable.

Treatment Technologiesfor Mercury-Containing Debris

Table 1 of 40 CFR 268.45 (the debris regulation), Alternative Treatment Standards for
Hazardous Debris, contains technology descriptions, performance and/or design and operating
standards for each technology, and restrictions on contaminants for specific technologies. Table 1
categorizes technologies into three technology groups--extraction (physica and chemicd), destruction
(biologica and chemical), and immohbilization (macroencapsulation, microencapsulaion, and seding).® In

4 Note that most mercury wastes will not be “ acutely hazardous,” and the larger generation and
accumulation amounts would apply for purposes of this exemption. See 40 CFR 261.30(b).

>Destruction technologies are not applicable to metd contaminants. We are not aware of
chemicd extraction technologies that could be applied to remove mercury from debris. Physica
extraction technologies listed under the debris sandard, including abrasion, grinding, spaling, or
vibratory finishing, might be capable of removing mercury contamination from certain contaminated
surfaces; we are not, however, aware of any examples where these technologies have been used for
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our experience, the trestment technologieslisted in Table | that are applicable to mercury-containing
debris are microencapsulation and macroencapsulation. However, source separation and retorting can
a0 be effective technologies for mercury-contaminated debris.

The following section describes each of these technologies and EPA’ s guidance on how to best
achieve the performance standard for microencapsulation and macroencapsulaion. This guidance
reflects the technica chalenges associated with treating mercury, which can be difficult to stabilize and
has the potentid to become volatile at ambient conditions.

Retorting. Mercury retorters are cagpable of accepting many mercury-containing materias,
including mercury-containing debris, with certain limitations and exceptions. The webdtes of exigting
vendors list avariety of retortable materias that could be potentialy associated with debris, including
cleanup materids, building materids and many mercury-added products such as those referenced earlier
in this memorandum. In addition, vendors can manage different forms of mercury salts and compounds.
Since the hazardous debris rule was promulgated in 1992, vendors have increased their capability to
handle larger objectsin their retorters. Vendors typicaly manage drums of waste, but can, in some
instances, handle even larger objects, such as roll-off containers of wastes. In genera, we encourage
you to contact the vendors to determineif there are any size, concentration, or contaminant restrictions
that would require pre-treatment or specia management considerations, or that would prevent the waste
from undergoing retorting.

RCRA regulaions for mercury retorting are found at 40 CFR 266.100(d), which conditionally
exempts certain meta recovery units from regulation under RCRA Subtitle C. To retain this conditiona
exemption, retorters must comply with waste limitations regarding organic matter content and hesting
vaue. Specifically, under 40 CFR 266.100(d)(2), aretorter cannot accept wastes exceeding 500 ppm
by weight of Appendix V1II organics, asfired, and cannot accept wastes exceeding a heating val ue of
5000 BTU/Ib or more. Please see 40 CFR 266.100(d) for more details on these provisions. To ensure
that air emissions from mercury retorters are controlled adequately, the Agency aso specified, as part of
the Best Demongrated Available Technology (BDAT) determination under the RCRA land disposd
restrictions regulations, that the retorting unit either: (a) be subject to the mercury National Emisson
Standards for Hazardous Air Pollutants (NESHAP); (b) be subject to a Best Available Control
Technology (BACT) or Lowest Achievable Emission Rate (LAER) standard for mercury imposed
pursuant to a Prevention of Significant Deterioration (PSD) permit; or () that it be subject to a Sate

this purpose. We anticipate that physica extraction technologies would present potential cross-media
contamination, especidly volatilization of mercury into the atmosphere, that could make the technology
unacceptably risky to the environment. Permitting authorities should ensure that this potentid for risk is
minimized. In addition, the removed mercury, associated media, and extraction materidsthet fail the
Toxicity Characterigtic for mercury would be subject to the RCRA hazardous waste requirements for
non-debris wastes.



permit that establishes emisson limitations (within the meaning of section 302 of the Clean Air Act
(CAA)) for mercury (see 40 CFR 268.42 Table 1 (RMERC), and
http://www.epa.gov/air/caalcaa302.txt). This standard is enforceable under RCRA pursuant to the
authority in section 3008(a). There are no Maximum Achievable Control Technology (MACT)
standards for mercury retorters set under the CAA at thistime. See 55 FR 22569-22570 (the June 1,
1990 Land Disposa Redtrictions Third Third Rule) for more details on the RCRA requirements for
retorters. For more information on the CAA requirements cited here, see
http:/AMww.epa.govi/ttn/catc/rblc/htmvrbxplain.html and http:/Aww.epa.gov/ttn/ng/psd_abs.html.

Source Separation. For mercury-containing debris exhibiting the DO09 characteridtic for
mercury, we use the term “ source separation” to refer to the process of removing mercury-contaminated
materid from the bulk of the debris. For example, mercury-contaminated piping or broken gauges could
be removed and managed under the non-debris treatment standards for hazardous wastes. Although
source separation is not listed as a specific technology under the debris slandards on Table 1, in many
circumstances, it will be the preferred gpproach to remove mercury-containing devices or other items
with reedily identifiable mercury from the debris, and may even result in removing the mercury
characterigtic from the debris®  Moreover, as noted earlier, where intact containers containing
hazardous waste are mixed with true debris, the intact containers (such as mercury-added products)
must be removed and managed separately as non-debris hazardous waste.

Microencapsulation. This technology involves mixing wastes with reagents and stabilization
materias to produce a more stable waste form. The Table 1 performance standard for
microencapsulation is that “the leachability of the hazardous contaminants must be reduced.” EPA
recently published the results of treatment research conducted on non-debris mercury wastes and pure
elemental mercury to assess whether the current retorting standard could be supplemented with an
dternative disposal standard (Notice of Data Availability (NODA), 68 FR 4481, January 29, 2003).
The results of this study are gpplicable to mercury-containing debris. In the study, treated wastes were
subjected to arange of highly buffered pH liquids and were sampled to determine the amount of mercury
in the subsequent leachate. We concluded that the waste forms that we examined were not sufficiently
stable across the range of expected Subtitle C landfill conditions for the Agency to propose an
dternative trestment standard for al hazardous non-debris mercury wastes. The Agency dso
concluded, however, that, on a Ste-specific basis, taking into consideration actud disposa conditions,
mercury wastes could be potentidly treated via microencapsulation and disposed of in aprotective
manner.

®Asisthe case for dl characterigtic wastes, removing the characteristic will not necessarily
result in achieving compliance with the land disposal redtriction trestment standards for that waste.
Please dso note, under 40 CFR 268.45(c), hazardous debris contaminated with alisted waste that is
treated by an immobilization technology specified in Table | must be managed in a subtitle C facility.
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EPA’s treetment research provides information on specific factors that may be considered when
eva uating microencgpsulation for treetment and disposal of mercury-containing hazardous debris. These
factors assst you in determining whether or not the performance standard for
microencapsul ation—* leachabiility of the hazardous contaminants must be reduced”—is being met.” For
example, the results of the treatability studies discussed above demondtrate that each trestment
technology exhibits its own pattern of mercury leaching from the treated waste forms across a range of
plausible pH conditions. The research dso found a Sgnificant increase in leachability of one treated
wadte form as leachate sdinity was increased (only one treasted waste form was tested with increasing
sdinity). When assessing the appropriateness of microencapsulation for mercury-containing debris, the
primary factors to keep in mind include the chemical composition of the leachates to which the stabilized
waste will be exposed, including pH and mgor anions, cations and organic compounds. Itisaso
important to consider what additiona measures, if any (e.g., macroencapsulation), will be put in place to
prevent leachate from mobilizing the hazardous condtituents. Please note, aswell, thet free liquids are
prohibited from land disposal in microencapsulated debris (see discussion in the debris rule preamble at
57 FR 37235 and RCRA regulations at 40 CFR 264.314 and 265.314).

Macroencapsulation. Thistechnology uses surface coatings or jackets to substantialy reduce
surface exposure to potentia leaching media. The performance standard listed in Table 1 for this
technology is that the “ encapsulating materid must completely encapsulate debris and be resstant to
degradation by the debris and its contaminants and materiasinto which it may comeinto contact after
placement (leachate, other waste microbes).” Methods for ensuring that the encapsulating materia
completely encapsulates the waste are specific to the technology used. For example, leak-tightness or
pressure testing of High Dengty Polyethylene (HDPE) pipes or containers has been gpproved for testing
of treated debris. Visual ingpection may be gppropriate for verifying that sprayed-on or gpplied coatings
have complete integrity, without cracks, voids or protruding waste to ensure that the hazardous debrisis
completely encagpsulated. The performance standard also requires that the encapsulating materid be
resistant to degradation by the debris itsalf and the case-gpecific disposa environment. Information on
the durability of potential encapsulating materials when exposed to multiple organic compounds can be
found on the internet from many vendors of HDPE/Low Dendty Polyethylene (LDPE) products. For
example, LDPE has generd resstance to chemicals, dthough it is dowly attacked by strong oxidizing
agents, and some solvents will cause softening or swelling. HDPE generdly has higher chemicd
resstance than LDPE, but it too can be affected by solvents. In generd, if Sgnificant organics are
present in the waste or in the digposa environment leachate, plastic encapsulating materids should not be
used as the primary basis of meeting the debris trestment standard, or should be carefully researched. It
may be necessary to conduct case-specific testing, if you cannot find information in the literature on

" Note that HSWA 3004(m) reguires EPA to “promulgate regulations specifying those levels
or methods of treatment, if any, which subgtantially diminish the toxicity of the waste or substantialy
reduce the likelihood of migration of hazardous congtituents from the waste so that short-term and long-
term thrests to human health and the environment are minimized.”
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materias that would pertain to specific disposal conditions.

Another measure of the ability of a macroencapsulation technology to substantidly reduce
surface exposure to potentia leaching mediais the structurd integrity of the waste form produced by the
technology. Thisfactor isespecidly sgnificant for mercury-bearing wastes, as mercury isvoldile at
disposa temperatures, and if present in liquid form, is directly mobile. Because of the mobility of
mercury as agas and liquid, macroencapsulation may be an ingppropriate technology for hazardous
debris containing readily removable liquid mercury.® An assessment of structurd integrity will depend
upon the specifics of the encagpsulating technology and the case-specific digposa environment. Note that
the disposa environment may include significant short-term stresses from management in the disposd
cdl, including driving of heavy equipment over disposed wastes. Digposed waste forms dso will be
subjected to burid stresses, which can result in compression and long-term creep; these stresses can be
sgnificant, especialy if load-bearing will be accommodated at pressure points. Some vendors of
macroencgpsulation technologies can provide information, based on testing or modeling, of the ability of
their technology to withstand burid pressures, drops onto soft or hard materia (e.g., concrete), interna
pressures caused by the wastes, puncture (such as to smulate forklift puncture), and vibration (to
gmulate trangportation). In addition, some waste forms, such as those involving plastics, will lose
strength after buria and exposure to the temperature, pressure and chemica conditions in the disposa
cdl. Asdiscussed above, information on the durability of potential encapsulating materials when
exposed to organic compounds and to temperature can be found on the internet from many vendors of
HDPE/LDPE products.

Questions?

Any questions on management of mercury-containing debris should be directed to Laurie
Solomon on my staff at (703) 308-8443.

8 Some states consider land disposal of macroencapsulated waste containing liquid mercury as
prohibited disposal of containerized liquids. Y ou should consult with your state agency(s) to determine
whether they take such a pogtion.



